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(71) We, FMC CX)KP0lRATrOiN; a 
oarporaf ri ott moacpcfraaxA in ;t!tie Staaz of Dda- 
waite, UnitBd States of Amcfflifca, of 633 Tbird 
A'vsermc, Niew York, Sioaifi <rf New Yctfk, UnteS 

5 States of Ammoa, (ass^oee of LEOlbJAiRD 
SEGLIN and JOQEIN' IFRIAINODS START), 
do hereby dfidare the inventiaa, for -wihich we 
pray that a patjcnt may be graiited ttxy us, and 
the method by vMdh it is to be 'p&tiossned^ tt> 

10 be paittkuhdy described dn and by die foUonr- 
ing statemmt: — 

The Hivenition lelafies .tjcy a method of pro- 
ducing a li!ght-<x>lour«i ediylene glycol teicph- 
tihahaite ester from a- grade of terephfthalic add 

15 which ordteriiy wiil produce a daiik-colored 
ester. 

Terepfaitlhailic add (TPA) for the maniifac- 
tune of higjMnolecubr-weai^ polyesters, use- 
ful m fiber and film prodaccam, & generally 

20 produced hy ffhc osddBaCnm of p-xykne. A 
priiocnpal iprdblem widi the acki so produced is 
that the tedmkal product cbtassied by liie 
ossdacuRi coDicams substantial amounts of calxxr- 
f oiumjg impm&tLes, die pimaipQl offender bemg 

25 4-caiiboKy-benzaidfiihydb (C&A). Tlic term 
"color-forming impurhaes" as irsed Jiereiai 
means imparMes vMdi ase axjtually colored 
or materiab which can tesad to suibseqnent 
fonnatDbn of a cokrar. It is considtired djcscr- 

30 able, kiproducii^itihel>est grades of poiyes^ 
for TPA to have a CBA cofatJeaa: of Iks 
25 ^p^cts per nninlksoa (ippm\ aitho ngh -ar^ 
with 50 <t» I'OO (ppm of GBA ss oonsSdered 
axreptable for most purpo^ arurt even more 

35 ntay be present litf tyre owd as to be prodoced 
from the polyestjer. Howerar, a aypfcai omde 
TPA wall conioni a few dsn^saiKl ppm of 
and produce polyestjcrs whdch are inudi too 
hi^y colored xo be cxmunexcxally axreptahle. 

40 Iq jjIjc Hjjceptioni of ihe po lyma r iffljer in- 
dustiy, oruxie TPA was co mv aitaad to ihe methyl 
ester, the ester was dbtsHled from ihe mnpudr 
ties, and <the polyestesr w^ p r e p ati i e d hy ttass- 
esffier&aittoai followed by poIymedzaitiQii. 

45 HydxDgeaadoQ of the xmpurltRS ^^n? 
has been used dnrmg^ esoexifficaiiuoaf— «ee 


British Patcttt Specificaiaon No. ^IS^i^SOlS--^ 
the estens have been puiiified iby osidation 
and cttystaltizatiDn as weil; ^xat tihese roond- 
aboiEt methods have been largely diiBcarded 50 
in favor of puriificatian of die TPA ■!» leduoe 
the aldehyde content to an acoepcable levei 
Reoystallizaition and oxidiaiCEon methods 
have been used to purify TPA without resort- 
ing to sestetSificatiQiij but reductioii is the 55 
f ajvotred method. Pro4>ably -the most desiiraible 
tecfamque heretnfore en^loyed for cartrymg 
out this pucEficaiioii is desccajBd jh British 
Pauent^ Spedfiration No. 99'4,7^. The tedi- 
niquE involves hydiogeniatron at h^ pressures 60 
with a hydrogenatioa catalyst dm an aqueous 
medium. The method is more eff omve, but un- 
fortnnaitely has ecomxmic diisadivaniiages. Be- 
cause the "temperatures are higjhi (about 2i50°C) 
and waiter is present, the reaction vessels re- 65 
quBpe spedal very expenaiive m^^^rf'^rnlq^h of ooo- 
structfoDi 'lio zessit the Gamibinatk>n of fa'igK pres- 
suie^ high (temperature and cammvc ac&l^ 
dtanTum metal being the prefaned material 
of construction. jq 

In axxordJanoe wirth the present mvention 
there as provided a merthod of prsoducmg tigfrt- 
Godored ethylene glycd terophdsaikie from a 
crude grade of terephlMlfc acSd whfch 
or^naiily produces a dark-colored sssaser m 75 
whtth die ctfude toBphthallc acSd (TFA) and 
it least] 8 Utimfs aha we^gjzt of eijhykne gtycod 
are h ea te d logather i» '1.60 ao SOOPG— for a 
dnxe sufficient m esteaify ithe TPA— HgeneraHy 
60 4:0 90 n]iaiut£&--^and dse estBESfica/tfoEn mk- 80 
tore, dluring or ai£cer cscei£ficat&)!% £s teaiatsd 
wiitb h3n3rogen at elevated pressuates and tcm- 
peratees-^preferaibiy from 10 130 llOO aitmos- 
pteies ( me asured! at TOom •temperaiCtEre) wd 
iro m V60 to WPC, m ite pttsence of a 85 
hydrogenatian caitalyst-Hmost pref exalbiy a 
suepporcod pailladium cadaiyst-Hfor a tune soffi- 
coeot to xediuce the alxSdhyde conteoit Co mt 
mone titan 103 pip, prefoiaUy (to less than 25' 
ppnt Alter ^reax^csi, the catailyist iis separated 90 
from the reaction mixture, and excess glycol is 
distilled uDder Yaxamaxi) to prodlooe a whsts. 
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solid ester which can be polymerized to the 
desired high-malecular-weight colorless fiber 
grade polymer. 
•Crude TPA useful in the process of this in- 
5 vention can be produced in may ways which 
are well known to the art. The methods all in- 
volve the oxidation of p-xylene and/or p- 
toluic add, using a variety of catalysts. Typi- 
cal processes are described in British Patent 
10 Spedficaticms Nos. 793,192 and 850,536 and 
in U.S. Patent Specifications Nos. 2,833,816 
and 2^853,514. Various oxidizers^ such as air, 
oxygen and nitric add may be used; and 
catalysts are conventionally employed. The 
15 reaction products are typiaally isolated from 
the leaodon media, mSh catalyst removed, and 
subjected to. other tieataients to produce a 
technical grade of TPA which is substantially 
pure eso^t for the presence of color-impart- 
20 ing impurities at a general level of a few 
tenths of cue percent, 'typically 2000 to 5000 
ppm. Since the prindpal color-produdng im- 
pimty is p-carbozybenzaldehyde, color fonn- 
ing impurities are generally reported as ppm 
25 of CBA. 

The tedmical TPA is then reacted with 
ethylene glycol, which should be of a grade 
used for making polyesters; generally, this 
grade is free of iron and chloride, and is 
30 Imown in the trade as lOF grade (iron and 
chlorine free). 

TPA and ethylene glycol react to f onn low- 
mokcular-vTeight esters — sudi as bis- (ethylene 
glycol) terepMialate— at temperatures of 180 
35 to 200°<1 la accordance wiMi this imvenlion, 
this esterification is carried with at least eight 
® much giycsoi as TPA by wdght to 
ensure a liquid reacdon mixture and fast re- 
acdon. Optimum handling is obtained at a 
40 weight ratio of 10 to 1. Higher ratios of glycol 
to TPA can be used, but are not dearable 
because more glycol must be recovered at die 
end of the process. 
About an hour is required far the escerifica- 
45 tion at 200^C, about 1 1/2 hours at 180°C 
and 3 to 4 Jiours at 160°C The esterification 
can be carried out before hjrdiogenadon, but 
is most preferably carried out simultaneously. 
The time may be extended to as much as a 
50 full day or more without adverse effects, but 
smce reaction is complete in a much shorter 
lime, there is no reason for extending the re- 
action time beyond a few hours. 'Die princi- 
pal advEfse eflfeot observed from prolonged 
55 hearing is fbcoiarion of a small amount— of 
the order of a few percent— of diethylene 
glycol Hiis fonxiation can be retarded, in 
kmiwn &shion, by the use of veiy small 
quantities of alkali^-e.g. 0.015% by weighs of 
60 sodium carbonate. 

lbs. hydrogenation is effected in conven- 
tional fashion for hydrogenation, using de- 
vated pressures and temperatures, and a 
hjndrogcnation catalyst of conventional type — 
65 e.g. a noble metal or finely divided nid^ — 


care being taken in choice of catalyst that it 
does not adversely affect esterification. Pres- 
sures from 10 to 50 atmospheres have been 
used, measuring hydrogen pressure at room 
temperature; higher and lower pressin-es may 70 
be used, but require more C35)cnsivc equip- 
ment and longer times, respectively. 

Temperatures of hydrogenation may be 
varied fnom 1'60 to 200°C— ^the itop estecnfica- 
tion temperature. The preferred catalyst is 75 
pailaditun supported on active carbon or on 
alumina; hychxygenariion I'iTrtp; rm TC^ sihoirter 
t'hflp- vroth odier conventuoizal liydlroEgeQ!af(!ion: 
catalysis. The amount of catalyst used is not 
critical, but the race of the hydrogenation is 80 
affected by the amount used. 5 to 25% 
catalyst (including support)^ based on the 
weight of TPAj is optimum to produce the 
best grades of |woduct 

Tl^ esterificaticm reaction can be carried 85 
out in one reactor, and then the liquid re- 
acdon mixture trai^erred to a hydrogenator, 
or the entire reaction can be effected in the 
l^rdrogenator. Ordinarily gjass-ltned or stain- 
Icss steel reactors can bet used, smce the tern- 90 
peratures en^loyed are low enough so that 
corrosion does not occur. 

After the leacdon is oom|deite, the reacdon 
mixture is allowed to cool to a low enough 
temperature to permit removal of the catalyst 95 
by filtration. The ester will separate from the 
reacdon mixture at 60 to 70°G, so that tem- 
peratures of the order of 80 to 100°C are 
desnably used in catalyst separation. 

The mixture, after catalyst removal, is 100 
finally sabjected to vaxnium dto'llaiCiioin, 
remove excess glycol. The, resulting solid ester 
is then ready for use in polycondensarion to 
produce fiber and film grade polyester. 

The escer corresponds roughly to the re- 105 
acdon product of two glycol molecules with a 
sdngle terephthalatg residue (Le. his- (eth^ene 
glycol) ter^shtbalate), although there are 
sometimes present small amounts of hig^ber- 
molecular-wei|^ material 110 

The following examples demonstrate vary- 
ing operating conditions under which the pro- 
cess of the present invention is effective. 

Example L 

To a 250 ml autodave was charged 50 g 115 
of lOF grade ethylene glycol, 5 g of light 
yellow TPA containing 2800 ppm of aldehyde 
(as CiBA) and 1 g of palladium on Pittsburgh 
PCS gramila acCEvatced caiiboBi ® catalyst. 
The vessel was fi.ushed with hydrogen, pres- 120 
surad to 300 psig, and then heated with rock- 
ing agitation. After 3 hours at 195^<Q heating 
was disonmnued and the vessel allowed to 
cooL The reacdon mixtuxe was transferred 
to a glass bealcer and heated to 65% and then 125 
to 100°C when fihxaticHi was carried out. The 
filtrate was coloriess and of a pleasant odor. 
Concentration of the filtrate in vacuo yielded 
8 g of vdiite solid. Polarographic analysis of 
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the produce indicated less than 25 ppm of 
residual aldehyde. 

Data jyisina£iiQg die efEiscatttTCSUSS of <Mtxet 
palladium/si^ort combinations are &und in 
5 the Table. 

£xaix^>le 2. 

iExample 1 was repeated using an autoclave 
but a hold time of 1 — -1 /2 hours therein was 
maintained. The product was colorless and 
10 contained 22 ppm of aldehydes. 

Example 3. 
Ethylene glycol and T!PA were esterified 
using the conditions of Examine 1 in 10 to 1 
weight proportions over a period of 1 — 1/2 

15 hours. To 50 ml of the estm£cation solution 
was added C.5 g of palladium charcoal 
(Baker). The mixture was subjected to reduc- 
ing conditions as set forth in Example 1, 
except that 1/2 hour hold time at 2(^°C was 

20 maintained. The colorless product contained 
31 ppm of aldehydes. 

Example 4. 
E±ylene glycol and TPA were esterified 
at 160^ in 10 to 1 weight propordcms over 


a period of A — 1/2 hours. For the reduction 25 
process, the same apparatus was used as for 
Example 1. Room temperature hydrogen- pres- 
sure was 1000 pai, and a hold tiiime of 1/2 
faoBtf at WOPC man'TtimiTird. The coilomless pro- 
duct contained 90 ppm of aldehydes. 30 

Example 5. 

A scale-up was nfiade in a l-gallcm glass- 
lined, stirred vessel To die reactcor was 
charged 200 g of light yellow TPA: containr 
ing 28O0 ppm of aldehydic impurities, 2 liters 35 
of ICF grade ethylene glycol, and 25 g of 
Baker palladium on chara>al catalyst The re- 
actor was pressured to 500 psig with, hydrogen 
and agitated for 3 hours at 190^. The re- 
acflikm mixture was filtered! at lOO^C ixy rfe- 40 
move catalyst Excess glycol was stripped 
from the filtrate in 7)acuo, The white, solid 
product contained 103 ppm of aldehyde. A 
sample was polymerized, to a hard, while 
solid. ' 45 

The following T^able shows additional runs 
carried out in accordance with the procedure 
of Example 1 but using diflferent support 
media for the palladium catalyst 


TABLE 


Support Designation 


Appearance 


Residual Aldehyde 
in Product (ppm) 


lA — 

Columbia SXWC 

1/8' pellets of activated 
charcoal 

23 

2A — 

Baker 

Granular charcoal 
(about 1/80 

25 

3A — 

Darco 

4 X 12 mesh (U.S. Standard) 
granules of activated 
carbon 

25 

4A — 

Alumina (AlsOa) 

1/16" spheres 

80 


("Cohnnbia** and **Darco" are Trade Maifc) 


WHAT WE CLAIM IS: — 
1. A method for the production of a light- 
colored ethylene glycol terephthalic add ester 
from a grade of terephthahc add which 

55 ordinarily will produce a dark colored ester, 
wMdi comprises esterifying the terephthalic 
add with at least 8 times its weight of ethylene 
glycol at 1-60 to 200^ for a suffideat time 
to obtain liie desired ester in solution in the 

60 excess glycc^ and at some time during or 
after the course of the esterification hydro- 
genating the reactaon mixture at temperatures 
1^ to 200^C and at elevated pressure in the 
presence of a hydrogenation catalyst for a time 

65 to reduce the level of coior-f cnming impurities 
(as hereinbefore defined) to not more than 103 
ppm, separating the catalyst from the le^ 


acdon mixture, and then vacuum-stripping 
excess glycol from the ester. 

2. A method as claimed in Oaim 1 in which 70 
the level of color-forming impurities is re- 
duced to less than 25 ppm. 

3. A meidiod as dahned in dLaokn 2 in whkii 
the wdght ratio of ethylene glycol: tereph- 
thalic add employed is 10: 1. 75 

4. A method as claimed in any of dnimR 
1 to 3 in which the catalyst is supported pal- 
ladium. 

5. A method as claimed in daxm 4 m which 

the support is active carbon or alumina. 80 

6. A method as claimed in any of rlaimfe 
1 to 5 in which 5 to 25% by weight of cata- 
lyst is used, based on the weight of teteph- 
ihalic add. 
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7. A method as claimed in any of daims 
1 to 6 in whidi the esterification is carried 
out at 1»0 to 200°iQ 

8. A method as claimed in any of claims 
5 1 to 7 in which the esterification is carried 

out for 60 to 90 mintites. 

9. A mediod as claimed in any of claims 
1 to 8 in which the hydrogenatian is carried 
out at 160 to 200OG 

10 10. A method as claimed in any of daims 
1 tx> 9 in wHch the hydrogenation is carried 
out at 10 to 100 atmospheres. 

111. A method as daimed in claim 10 in 
whidi the hydzogenation is caziied out at 10 

15 m 50 atmospheres. 

12. A method as daimed in any of daims 
1 to 11 in which the estoificatioin and hydro- 
genation are conduc&ed simultaneously. 

13. A method as ^daimed in any of daims 
20 1 tx> 12 in which the catalyst is separated from 

the xeacdon mistuxe at 80 to 100^. 

'14. A mediod as claimed in any of daims 
I to 13 in whidt the tcrephihaiic add em- 
^oyed ds subscmtially puie except for the 
25 presence of color imparting impurities. 


15. A method as claimed in daini. 14 in 
which the color imparting impurities are pres- 
ent in an amount of 2000 to 5000 ppm. 

16. A method as daimed in any of claims 

1 to 15 in which the ethylene glycol employed 30 
is lOF grade. 

17. A xnethod as claimed in any cf claims 
1 to 16 in which the heating during esterifica- 
tion is performed in the presence of 0.015% 

by wei^ of alkali. 35 

18. A method for the production of a light 
colored ethylene glycol teiephthalate ester 
according to daim 1 substantially as herein- 
before described widi particular reference to 
any of the foregoing Eaunples. 40 

19. A light colored ethylene glycol teteph- 
thalate ester whenever produced by a method 
as daimed in any of Claims 1 to 18. 

20. Ethyiene glycol terephthalate ester poly- 
mers whenever obtained by polymerization of 45 
an ester as daimed in claim 19. 
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